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ABSTRACT 

Among the 12 documents selected for this annotated 
bibliography of documents and journal articles in the ERIC database 
is an expert's argument that the brain's multipath and multimodal 
capacities are ignored by educators. Another writer fears that the 
''back-to-basics" movement may have eclipsed the prominence earlier 
accorded to thinking skills. One article outlines obstacles to the 
effective teaching of thinking skills, and suggests five steps 
educators can take to improve their teaching. Other entries include a 
list of 11 criteria that must be met to establish a classroom 
environment conducive to the development of thinking skills, and a 
discussion of short- and long-term strategies for strengthening the 
teaching of critical thinking. Research contributions include a 
survey of 278 teachers concerning their opinions and practices 
regarding the teaching of problem-solving skills, and a finding that 
brainstorming-like sessions significantly enriched biology students' 
ability to inquire into scientific problems. Accounts of programs 
include an analysis of the kinds of thinking taught in current 
programs and a description of a program to teach thinking skills that 
identifies 34 mental activities. Also included is a description of 
three computer programs that generate a variety of problems for 
students to solve as a means of developing higher-level thinking 
skills. (MLF) 
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Beyer, Barry K. "Imf>r(>ving Thinking Skills; t^olining 
\ho f'rohU^m" dnd "Improving Thinking Skills: Prat - 
tle til Af)f)r()tKlu»s/' l^hi Mtii ^t)p/)t)a i^^'yJ (Mdrch 
1984), pp. 486-90. Ej 294 947, And 65,8 (April 
M)84), pp. •'">'">6-6(). F.| 296 77^^, 



"In (1 ret (Mil poll of professional educators, nine out ol ten 
respondents s^iid that Ix^tlt^r instruction in thinking skills sliould 
Ih» a priorilv in edui ation^il f)lanning lor the ( oming years." ref)orts 
Hev<T. "What ( an vvt* do," lu» asks, "to improve the te.u hing and 
learning of thinking in our schoolsT' In tht* first of th(>se two 
arti( les, Bever outlines ()l>stot les to the effective tea( hing of think- 
ing skills, and in tlu* second artic le he suggests five steps edu< ators 
(an t.ike to bring .ihout an ini[>r()venuMit. 

"Ihere are M ItMst fivt* major rtMsons why wv educators hav(> 
not put to [)etter use the timt* we devote to teaching thinking 
skills," sciys li(»v(»f. "First, w(*do not agr(»e among ourselves which 
thinking skills we should teat h." Sec one! is tht* absent (M)f\i prvi ist* 
(leiinition ot thost* skills. I bird, "most ttMC lu»rs nt^ver actually 
provide tlie kinds of instruclion that rescan li suggi^sts is tiiost 
I)r()(lu( live in dev(»l()[)ing cortipetent thinkers." 

I Ih» t(uirlh re.ison l^ever giv(»s is tlu* [)roblem of "skills overlotul": 
school (urri(ula "bombard students with one-shot t^xposurt* U) 
htt-ralK clo/tMis ot skills a! eat li grade l(^'{*l." f inallv. riK^st lliinking 
skills a(hu»venient lest^ art* [)oc>rly designed and tei»d teachers' 
ruaurdl tencjcru v tea( li to a test. 

Hever\ tiv(» sic»f)s to imf)rove the* tcMC lung ol lliinking skills art* 
louit alK ri'l.iled to \Uo ol>sta( les lie's t)bst^rv(vl. hrsl, edtitalors 
ncfd to idf'ntilv .ind ( learlv define a tore ot thinking skills tliat 
ihiA .ii^ioe should be taught. Se(ond, lliev ru^ed to identity the 
I onipoiUMit p,irtsoMM( h of these skills. Third, they need to [)rovid(» 
• lin'c \ N\ ai'iualK HisiMJt tiot^ m the tiseot tliese skills in all a[)[^r()[)- 
ti.iw t f)nr('i)t .eiMs f ourth tliev nt»t»(l to strut lure j thinking skills 
I onu iiiiirn thai M'{|iieru the iiitr{ulu( tion ni .i rtMstuKible 
nurubc'i n\ tlunkinvl ^kilU in a logi( .il [rogression Irom K t(^ IJ. 
f tfi.ilK H'rv noi'fl to (|i's!i;i) v jlid, rcluible tests ot ( onH»*l»'n( \ in 
iIm' us*» « a ihmkinv. skHK 
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Costa, Arthur L. "Ip.k lirigloi lnt(»lligenl I^^Immoi 
Idtn.itiaihil l(\i(l('ishif), Vl\ K /t lobei IMHlL pf). 



"What ( l.issroom < orulitions ( ontribule to tin* (k»vt>lo()nuMit ot 
intt'iiu'.rrl l)ch.i\ic Ibis oju'nng (itjcstion rt»veals tb.»t ( osta is 
^ "Ot sf) nnu h < oru eriu^d with programs tirul c urric ultjms to ttM( b 



thinking skills as he is with ttMC her attitudt^s <ind f)rat titers 
can nurture these skills within existing c lasst»s. C^)sta otft^rs elevtMi 
t riteria that must be met to t»stablisli a classroom environment 
conducive to the d(»velof)ment of thinking skills. 

Costa savs, first, students nt^ul to rtMli/t» that inltHligent be- 
liavior, as of)f)C)sed to just gt^tting tht» right answtus, is thtM)bit»c livt* 
ol education. StKoncI, llit» ItMclier's (jut^slions uid stdtefncnls in 
class should call atttMition to disc re[)ant ic»s cind post* prol)it»ms 
"inlt»ndt*cl to invite more than a nuMiiorv-tvfu* rt»sponse." Third, 
bee aust> "levels of thinking are t umulativt\" ttwt ht»rs must arrangt* 
instrui tional at tiviln's st»(|ut»ntially, giving students jdt>ciu.itt» lime 
to move from data gathtving to ()r()ct>ssing to bightu lt>vtHs of 
tliinking. 

C'ostd's fourth trilerion conttnns \{\u ht»rs' rt>sf)()nses to student 
answtvs. lnst(Md (it rt»s[)oncling with [iraise, (oritution, or olhei 
value judgments, which signal conlorniity, tt\i( ht»rst an "tat ilitatt* 
intellectual ftinctioning" by nuMns ot silen(t», extending student 
ideas, nncl f)r()viding additional information. 

fitlli. instructional materials net»d l( suf)f)ort inlelligtMit be- 
havior; thev should not bt» clesignt»cl mt»rt»lv to bt» rt»ad. mtntiorl/t^d, 
,ind tt»stt»( 'b, aclecju^itt* instrut tional lime must bt» devtiled to 
(lt»vel()[)inv; ..liking. St»vt»nth, instruclion must l)tMlivt»rsifit»(j to 
fit sttid(Mits' varying moclalitv strengtlis visual, auditory, and \m - 
til(»; and eighth, tht»se modalities must be se(|u(Mit t^d (t»xpt»rienc e 
sliould f)ret t»dt» thinking and talking). Nir^lli, siudenls diid teac hers 
nt»t»cl to talk dbout their thinking, for ( osta notes it luis het»n sbt)vvn 
that "thinking and talking .ibout tliinking l)egt»ls thinking." 

Itnith, t^valuatit)ri ()ra(tict»s should «isst»ss inttHligtMit behavior; 
"tlie [)rotlut I ol assessment should be not vvli.il iinswers ihesttidtMit 
knows luit how the stucknit behav »s when he or slie doesn't know. * 
f inallv. teac ht»rs .ind other si^.iitu ant iidults. iru ludirig .ujniinis 
trators, should model iritelligt»nt l)ehavior by, lor e\jiiif)l(\ 'taking 
d siudinit's porril ol view," "using rt»ason iind patunu e in cItMling 
vv rth (lis( i[)lirie [)roblems/' tirid "f)lariniri>i lor instrut tion '* 



Drum, Randell L., and Wells, Tim J. \ sutvev ot 
IfiKliers' Ofxmons arid l^a( tic es R(»gafdifig 
leat fling ot Problem SoKinn SkilK." f\ip(»f pit* 
seritt»(l lit the annual meeting ot tlie Ameri( an As- 
srui.ilioii ol Colleges lor Um( her I due .ilion. I t'b- 
[Uar\ 1 4, Mm4. U\ fiages. I M .! M) ():*"> 



( )i ""'^ eleriieril.irv lev(»l and 4')() stnond^rv teachers in 

lex.is u hon. 1 )runi and Wells suivt^vcd, JT'H rcsporulcMl. MllKUigh 
mt)st teac hers e\| ossed lht» view that [)rol)lem solving ability was 



imfXKianl shoukl lu» Uui^hl in schools, ()4 oercenl Stiid it 
wasn't slrc»ss*»(] in their teac her prefwraiion c lasses, and (li fM»r( ent 
said it hadn't been stressed in their districts' inservice sessions. 

The researchers found that older, more exfx»rienced leacht»rs 
tt»nd to teach f)rol)lem solving more than do younger, less <»\[)eri- 
enced teachers. Also, teac hers who belong to professional organi- 
zations are more likely to teac h thi»se skills than tea( h(»rs who 
don't. 

Drum and Wells recommend f)lac ing greater emphasis on the 
leachmg of problem solving skills, especially in iea( her training 
courses, l)ut also in (listri( i inservices. Distric is should alsoenc our- 
age their teachers to participate in professional organizations as 
a further means of suf)p()rling this emphasis. 
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Hart, Leslie A. "The Incredible Brain: How l)o(*s It 
Solve Prol)lems? Is Logic a Natural Process^' NASSf^ 
bulletin. ()7,4S9 (lanuary 19« J), pp. .U)-41. E| 274 
29H. 



tducators who claim they are teaching students how to think 
may ac tually only be teaching them how to solve puzzles. Further, 
when educ ators "try to get students to think logically," they may 
be hinde/ing students' learning process. Hart realizes that what 
he has to say about traditional approaches to learning "shocks 
many people bcn ause we have been brought up to believe that 
logic is little short of holy." 

An expen on the relation of the brain to education. Hart argues 
that recently gained knowledge of how the brain functions has 
placed "some old ideas" of the learning process into disrepute. 
The brain, he says bluntly, "was not designed for logic," that is, 
thinking that follows "a simple, linear sequence of steps, eac h 
leading lo the next." Whereas logic goes down a single path, "the 
l)rain operates along many paths simultaneously." Hart says, "If 
I suddenly hand you a coconut, you do not have to consider first 
its size, then weight, lhc»n color, then texture*, and so on - the 
l)rain automatically goes down all those paths and more, arfd 
promptly d(»c ides, 'this is prol)al)ly a coconut'." 

But when leaching students, educators commonly have ignored 
the f)rain's mullipath and multimodal (ability to use vision, hear- 
ing, lou(h, etc., simultaneously) capacities. Educators who 
hMrned su( h things as managing personal finances or writing es- 
says in "a random style" are likely to try to teac h those things in 
an order that they "( an claim is logic al," while the sc hool likely 
demands 'ogical lesson plan," As Hart says, "We do not teach 
the way we ourselves learned, l)ut in just the of)posile fashion." 

FVoblems students are asked lo solve are usually "artificial and 
unrealistic ...more properly called puzzles." Information is neatly 
provided; there is only one right answer; and "most often a logical 
solution is asked for or implied, and the student must demonstrate 
how the solution was reached." 

These i)rain-anlag()nistic" educational settings and methods 
must Ix^ replaced. Hart pleads, with approaches that are "brain- 
compaiil)le." Learning is a gradual process in which "the bra;n 
builds on its own experience." Hart suggests that the best approach 
may be to assign students to Vv )rk out the solution to a real problem 
of interest lo them, such as designing "an ideal home study desk" 
or "a system to financ e school sports." 

In guiding sludc^nls toward the solution, the teacher can suggest 
usefui strategic^s: define the answer so we will "know if we h.we 
solved it"; con^^ider alternative approaches; evaluate all informa- 
tion "l)it by bit"; and "then give the incredible brain opf ortuniiy 
to solve it in its own way and its own time." 



Heitsen, |. MerrilL "Thinking Skills in the ( la-^s- 
roopv A N(>(Hled Basic in Education." Ch\}rinf^ 
I /fx/s (( )( lolH>r 1 982), f)p. f)()-(> K F| 2u^) 780. 



"the ( eniral purf>()si' ol the s( hooK was lo cU^velof) lh(» rational 
powers of students." Yet Hansen lears the f)of)ularily of th<» "back- 
lo-basics" movement may have et lif)sed the prominenc e shown 
to thinking skills. Mastery of facts in isolation is insutficieni, asserts 
f lansen, l)e( ause fa( ts don't exist in isolation, l)ul faih(»r are inter- 
related. Therefore the thinking skills necessary to manif)ulate, 
analyze, and synthesize information arealso basic loeduc ation. 

Thinking skills include such functions as concept formation, 
inlerprelrng, inferring, generalization, and apf)lic ation ot princi- 
ples, Hansen says that these skills can bt» i>nc ouraged ac ross \hv 
curriculum in all sul)iec ts that are taught. Classroom tcMc hers c an 
encourage the development of thinking skills l)olh in the nK)de of 
their presentation and in the variety of their learning activities. 
"Children should learn to fHMlorm a numln^rof intellec tual oper- 
ations such as solving f)rc)blems effic ienlly, d(»sc ribing ()henonu»na 
accuraliHy, and analyzing ideas rigorously." 

Hansen concludes: "True mastery im ludes the al)ility to think f)0-3 
about the 'how^ and the 'why^ as well as the 'whatr." 



Lazarowitz, Reuven, and Huppert, Yehuda. "De- 
veloping Creative Thinking Skills in Secondary 
School Biology Students." Amcrii\w Biology 
To.H-hcn 42,4 (A[)ril 1 980), pp. 22().2B. t\ 222 498. 



"Suppose you are working in a drug factory and you rec eive a 
grant for develc)[)ing an effective medicine against a sfx»cific dis- 
ease. What are the data that you will look for More you start lo 
carry out sc ientific exf)eriments for developing such a medic inef" 
Lazarcwitz and Huppert gave this problem to two groups of high 
sc hool biology students to see what (»tfc>ct different teac hing ap- 
proaches would have on their students' problem solving ability. 

In the previous unit of study concerning the life of bacteria and 
cell staining techniques, the experimental group was presented 
with a problem and then encouraged to offer as many ideas, 
suggestions, reac tions, and hy^K)tlieses as possible. The teacher 
guided and c»nc ouraged the disc u-^sions to kc»ep them going in 
fruitful directions. The control grcHJ(), on the other hand, was 
conducted with r(»gular c lassroom-lal)C)ratc)ry instruction 
tec hniques. Student participation was encouraged only as far as 
it was necessary for mastery of the sul)jc-ct content. 

Whc^n these same groups were given the above [)roblem, student 
answers were analyztui for fluen( y (how many answers), flc>xibility 
(how many different kinds of answers), and originality (answers 
not given l)y any other students). It was found that the experimental 
group generated more possible factors, of greater diversity, and 
with more originality, for examf)U\ eight original answers were 
generated by the experimental group as opf)Osed to one by the 
control group. The authors concluded that the training of students 
to "conduct open, broad discussions, similar to brainstorming 
sessions" significantly enriched their ability to inquire into scien- 
tific prol)U»ms. 



Nickerson, Raymond S. "Kinds of Ihinking Taught 
in Current Programs." FdudUiofuil L(\ulvrshifK 41,1 
(September 1984), pp. 2b- Id. El number not yet 
assigned. 



ERLC 



In I9f)l the Educational Policies Commission proposed that 



Some thinking-skills programs emphasize what Nickerson terms 
"c ognitive-proc ess af)f)roaches." Jhosv "assume that ihinking abil- 
ity depends on fundamental processes such as comparing, order- 
ing, classifying, inferring, and f)redicting." 

Other programs emphasize "heuristic -oriented approaches." 
(Nic kerson defines a heuristic as "an af)f)roach to a goal that is 
l)elieved to have a gcH)d c hanc e, l)ut not c ertainty, of suc c ess.") 
Fxamples of heuristic sfor f)rc)blc>m soK ing art* nprt^stviting a prob- 
km with a diagram or graph, restating or retormulating the prol)- 

•m, and l)rc»aking down the ()i.')blc»m into smallc^r parts. 

Still other programs reflect jean Piagei's view that cognitive 



(l(»vol()|)nu»nt ()( ( urs iii sidles dnd ih.il \hv iihilily to [)ert()rni tornuil 
or til)slr.ul (ifuMcUions nornuilly is tUCjuired .ifler iho ability to 
f»*rl<)nii loiKrcU* ()|)(»mluju>. Tlu»se programs seek to brin^ stu- 
dents siu( k Ml llio Kiiu a»U» opiTtitiofis stam» into tlie torrnal ()fu»r- 
ations ^liiMf 

I in.iiK. llu» fMiil(iM)(ilu U)\ Children f)r<)^rani is a ^ood example 
ol .\ |)fo>;rafn ih.il MH»kN U)i\r\ tAo\) thinking skills by ^eltjngstudents 
to llunk about the Uidtat lerislic s ot ^ood and l)ad thinking. 

Related to (Ium* firo^Mins for the teac hin^ of thinking are writing 
lc»\ll)ooks that view writing not only as a vehic le for thought, but 
alM) as ii means ot devel()f)ing il. Similarly, the teaching; of coni- 
f)uler programming, espe( lally with the language LOGO, is "pro- 
l(ilvpi(al ol many cognitively demanding tasks." 



O'Brien, Thomas C, "Software of the Sec ond-and-ti- 
Malf Kind." (liissroom Computvr Li\nning, 4,2 
(S(»f)lember ()p. H-.i4, .^6. E| 287 202. 

Software of the second-and-a-half kind is educational software 
that neither uses the ( om[)uter as a tutor for tutorials and prac tice, 
nor uses it as a tool for such purposes as word processing, nor 
c»ven us(»s it for discovery pur[)oses such as with Logo, but rather 
uses the conif)uter to randomly generate a variety of problems for 
the students to solve* as a nuMns of dt*veloping higher level thinking 
skills. The thrc»e programs dc>scril)ecl h'?re are Billiard Ball, Taxman, 
and Teasers [)y Tohbs. Eac h program givc»s students different kinds 
of math problc^ms that require them to utilize different problem 
solving slrtitc»gic»s. 

In Billiard Ball students must use such thinking skills as planning 
ahead, analyzing, using a model, and icientifying ptitterns. "In 
Taxman, students use and c^xtend their knowledge of factors, 
primes cind divisibility. More im[)ortantly, they c onstruct, test, and 
rcMine a slralc>gy," says O'Brien. And Teasers by Tobbs "helps the 
siodeiil invcniland practice several problem-solvingskills: working 
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bac kwards to solve* a f)rolili»ni, working within lh(» coiistraints of 
a |)rol)lcni, dcvolc)f)ing chains ol thought and tollowmg them to 
thoir conc lusion, not to mention deciding how to approach a 
f)rc)l)lem." 

O'Brien notes that these kinds ot activitic^s can he doru» with 
\h\\)cr and [hmu il. too. hut the* spcn^d with wliicli llie coni[)uter 
c an genc»rate f)rol)lems, and the patienc e of the c onif)Uter in letting 
studcn>ls e\|)loie one a|>|)fc)ach and tliori try tigain arc* attribute's 
that may lac ilitate these kinds ot ac tivities Ih»c orning a regular f)arl 
of the c urric ulum. 



Olson, Lynn, "On Aristotle, Pi\ic», and the Art of 
'Logical Talk'." Fdui<Uion Work, Se[)tembc»r S, 
19H4,pf). I 17, l.()7-()H. U number not yet assignc»d. 



By "l)asic skills" educators usually mean reading, writing, and 
arithmetic . Some, however, suggc»st that thinking* and reasoning 
skills are even more basic to students' educational succes*. 
Matthew Lipman asserts in this interview that reading and writing 
are dep<»ndent on thinking skills; he has therefore developed a 
f)rc)gram c ailed fMiiloso[)hy for Children to enhance those skills at 
l)oth the elementary and the secondary level. 

In trying to define "thinking skills," Lipman and his colleagues 
have come up with 34 mental activities sue h as making inferences, 
dec rding, rememl><.»ring, mtiking distinctions, and detecting part/ 
whole fallacies. The way to teach these components, he believes, 
is to enwraf) them in contexts that are interesting and nuMningful 
to children and young adults. Novels provide such a context. 
Li[)man tries to make sure* that the issuers cIcmIi with at c^^c h grade* 
le^vel are relevant to students at that le*vel. 

Student partic i[)ation is essential; Lipman l)elie*ve*s that c hildre*n 
learn through discussion. As they listen to each other, challenge 
assumptions, and discern inferences in the midst of purposeful, 
guided discussions, they are internalizing thinking skills. 

When Lipman and his colleMgues taught thinking skills to an 
exfx^rimental group of students for a [XTiod of 8 months, these 
students gainenl 14..^ months in rcMsoning ability (as measure*d by 
the New jersey Test of Reasoning Skills), c ompared with a control 
group that gained an average of 8 months. 



m 



Paul, Richard W, "Oilical Ihinking: P unclament.d 
to I due atioti for a F rev Soc ic»ly. " / c/(/c titiotu)! I rtuhr- 
shif), 41,1 (Se*[)teml)er 1M84), pp. ')-14. L| number 
not ye*t assigne*d. 
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The to[)ic of c ritic al ihinking is inc reasingly l)ec oming one that 
St hool adtiiinisiralcjrs c an'l ignore. Ac c c)fcling to Caul, the Califor- 
nia State Department of Education is pre[)<uing to test critic al 
thinking skills as [)art of its test of rcMcling, writlevi (»X[)ression, 
math, and social studie*s abilitie^s for all eighth-grade pupils. How 
c an teac hers and sc hool systems helf) their students meet these 
new manc!ate»d recjuirements^ 

(*aul advocate*s short-term and long-term strategie*s for 
strengthening the teaching of critical th inking. The short-te*rm strat- 
e»gy involve*s the tcMc hing of c ritic al/analytic al voc al)ulary sue h a-* 
premise, reason, conc lusion, inference, and so forth within the 
re»gular content c urric ulum where these terms c an be a[)plieHl ap- 
[)ropriately as {hiy are leMrned. The realization of this strategy will 
rec|uire teMc her training and the acc|uisiiion of a()()ropriate re»- 
sc)urce*s. 

f'aul advisees school offic ials to make* ava ilaiile nationally 
normeul tests sue h as the* Watson-Cilasser and the* C ornell Critic al 
Ihinkitig le*st so ifuU teac h.»rs c an ie»fer to lIuMn as niodcHs of 
cjuestions. Teac heus should also ho e»ncourage»d to attend [)roles- 
sion \l c onler^MU e*s on this lof)ic . Administrators c tWi helf) lurlhc»r 
by .establishing a m hoolwide attitude favoral)le to riMsoning 
tlrc'iigh cor- icts lo probknii solulron, s.us \\u\\. 

Paul's lor., urn strate»gy is to de^velof) a "dialcn tic al " approac li 



to prohUMii solulion. This invotvt^s wluU lu^ ttvnis "didlo^ic dl 
rtMsoniii^" thinking ( rilic dlly tirul rvi i[)r()( tilly williin ()[)fX)sin^ 
f)()inN of vic^w. I Ills til)ilily to <loUu h oru^s^Hl in order to roally 
"luMr" (>f)f)()sin« lines oi rtMsonm^ is very much inlrinsi( to our 
( luuiu It^ttind isllu^retort^ not n skill lluil ( tin Ivltiu^hl in dsix-wtu^k 
unit. It is iilso ()uit(» distiru l Ironi the iip[)r()iU h usually followed 
in solving ttu hni(til prol)lenis vvhert^ s(i(»nlisis se(>k to isoLii(» ilu» 
problem dnd work within a system as c lostui as [)ossrl)le. Paul 
notes, "When we think dialec tic ally we are guided hy priru it)les, 
not pr()((»(lures." 
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Sternberg; Robert |. "flow C\in VV(» Teach Intelli- 
gencer CduCiUional Ivodrrshif), 41,1 (Sept(Miil)er 
M)84) pp. i8-48. E| nunilxT not y(»t assigned. 



StornberjJ reports that, contrary to the assumptions reflected in 
\Q tests, intelligence is not a fixed, immutable characteristic of 
an individual- Rather, recent research has shown intelligence can 

taught. Three f)rograms that claim to do just that are the Instru- 
mental Enric hment program, the Philosophy for Children program, 
and the ( hie ago Mastery Learning Reading program. 

Instrumental Enrichment is intended to improve cognitive func- 
tioning related to the way students perc eive, elal)orate on, and 
exprc^ss information. The exercises train students with tasks very 
similar to those encountered in a traditional intelligence test. It 
does not attempt to leac h either specific items of information or 
formal, operational, al)Slrac I thinking, says Sternberg. 

"Philosophy for (^hilclren consists of a series of texts in whic h 
fie tional c hildren spend a c c)nsideral)le f)ortion of thcMr tinu^ think- 
ing about thinking and al)out ways in which lH»ller thinking can 
\)v dislinguisluHl troni f)oorer thinking." As students rcMcl the tc»\ts 
and engage in classroom disc ussions and exerc ises that follow tlu^ 
rtMcling, thc^v l)egin to identify with the c harac ters and thus "to 
loin in the kinds of thinking cU>pictecl in the [)rc>gram." Thinking 
skills such as formulating c aus(>-effec t rt^lationships, idcMitifying 
underlying assumptions, and working with analogies are integ- 
ratcul irito diftercnit c ontcMit arcMs sue h as art, soc iai studic^s, and 
sc ienc e. says Sternberg. 

Ilu^ (Tiicago Mastery learning RcMcling program "emphasizes 
U\uning strategies and study skills." StcwIxTg notes that "the in- 
slruclional units begin with sinif)lc\ C(Micr(»t(\ literal and familiar 
fiialerial and procc^ecl to tlu» more tc>nif>l(^x, af)stract, inc»xf)licit 
and unfamiliar material." I ike tbc^ two f>reviously nunitionecl [)ro- 
grartis, this one also direc tly teaches cognitive skills. But it differs 
m that it rc»senil)les tyf)ictil classroom curriculum more* than tbc^ 
other two; in fac t, it fits in as the reading component of the cur- 



riculum. Stc^rnluMg savs, "Instruction is doncMii groups. v\iih iiuli 
vidual remcuiiation as runc^ssary." Oru^ ol tlu^ ways that it is said 
to differ from traditional instruction is in the* frcriuciit use^ ot sys- 
tcuiiatic lormativeanci diagnostic UMing within (\uh instructional 
unit. 
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Vye, Nancy J., and Bransford, )ohn D. "Programs 
lor IcMc hing Ihinking." f diH t)ti(Uh)l / (\if/evs/)//>. 
i^M, (()clc)l)er I<Uin, \)\).2U Jtt. (I J^>^ 7^)0. 



Consider the following probl(»m: "Therc^ ar^* 'Hrc^^ separate, 
c»c|ual-si/e boxes, and inside* cmc h l)C)X there are two separate small 
boxes. Inside each of the small lx)xes there are four even smaller 
l)C)xes. How many l)c)xe»s are there* altoge^therT VyeancI Bransforcl 
note that "the only mathematics re»C|uirecl for the* solution of this 
f)rc)l)lem is simf)le addition. Ne»verthe»le»ss, tnany stucle»nts who c an 
add columns of numl)ers have difficulty de^termining which num- 
bt»rsthe»y should add (sorne merely add threu* plus two f)lus four)." 

The authors argue that students ne»ed more than just feedl)ack 
on whether thcMr answer was right or wrong. Teac hers need to 
he»lp stucU»nts analy/e the processes involvenl in solving f)rc)l)lems. 
"StudcMits nc*ecl to l)e heHpeul to analy/e* and e>valuale» theMr own 
thought processes so they can avoid pote^ntial errors," [")e»ve»lc)f)ers 
of "Ihinking skills" f)rc)grams are attem[)ting to do just that, say 
Vye and Bransforcl. 

The authors rc»f)C)rt on tlire»e sue h f)rc)granis: Analytic al ReMson- 
ing. Instrumental Inrichmevit, and Philc)sc)[)hy lor Children. 
Analvlic al RcMsoning enu c)urage»s stude^nts to "think aloud." Work 
ing in pairs, one student assumc^s the role* ot the f)rc)blcMn solver, 
while* the other f)lavs a lric*ncllv crrlic . As the* prol)le^m solver ver- 
()ali/e>s his or her thoughts while solving the f)roblenii, the critic 
"monitors !he»se» thoughts to e»nsure* tluit lie* f)rc)l)leni solver re*acls 
the f)rc)l)leni correctly, e*x[)lic itiy nc)te*s c*ac li ste*f) toward solution, 
and c hc*c ks the* ac c urac y of cmc h ste^f) in the* thinking." 

Instrur7ie*ntal Enric hnierit and Philosophy for Chilclrc*n also eni- 
f)liasi/c» tliinking f)rc)c c*sse*s. Hut inste*acl of thinking aloud, stuclcMits 
in these (rograms "analy/e* the*ir strate*gic*s tor solving various 
problems" and thc*n "evaluate* the strate*gie*s as,i grouf)." Vve* and 
Bransford c)l)serve that "students' errors c)fte*n stem from their fail- 
ure* to ade*c|uately spe*cify the nature^ of a pr()l)le*m and lo i(le*ntifv 
the information re*le*vant to its solution, so gre*at deal ot emphasis 
is [)laci*d on f)rc)l)le*ni cle*linitic)ii." 
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